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Introduction 



Introduction 


Growth hormone (HGh, Somatotropin) is a polypeptide 
hormone secreted by pituitary gland, which is located within the 
sella turcica ventral to the diaphragma sellae. 

Pituitary gland comprises anatomically and functionally distinct 
anterior and posterior lobes. Blood supply of pituitary is derived from 
the superior and inferior hypophyseal arteries. 

The endocrine environment of the fetus is unique with regard 
to the endocrine organs, the presence of certain hormones, 
changing and often high circulating concentrations of hormones, 
hormone metabolism and specialized response related to in-utero 
development. Although the pattern of fetal growth and development 
is not generally dependent on hormones with some important 
exceptions, the timing of these events is modulated by the level of 
endogenous hormones and exposure to hormone treatment. (Phillip 
L. Ballard, 1998). 

The placenta also produces most, if not all of the releasing 
hormones synthesized by hypothalamus. Thus, the placenta 
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contributes to the circulating pool of pituitary and hypothalamic 
hormones in the fetus. 

In general most endocrine systems of the fetus are functional 
by the end of the first trimester, although circulating levels of many 
hormones increase substantially only during the third trimester, in 
contrast the level of growth hormone increases during the first two- 
third of pregnancy and then declines towards term. 

Cells that produce growth hormone, ACTH are detectable at 
9 th week of gestation. Hormone producing cells can differentiate and 
hormone synthesis in the absence of hypothalamic stimulation has 
been documented in embryonic pituitary in several in vivo studies. 

During the second and third trimesters of pregnancy the 
variant form becomes the predominant form of growth hormone in 
maternal circulation and the pituitary form decreases. The proportion 
of growth hormone variants in circulation are similar to those in the 
pituitary except that the 20Kda form and the oligomeric forms are 
more prominent in the circulation, because of their slower metabolic 
clearance. (Michael 0. Thorner et al). 
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Growth hormone is not the principle direct stimulator of 
growth, but it acts mainly by stimulating the formation of other 
hormones known as somatomedins or IGF1 and 1GF2. 

IGF1 or somatomedin -c, the more important factor for 
postnatal growth is produced in liver. IGF2 is much less affected by 
growth hormone and has a role in growth of fetus before birth. In 
contrast to other hormones, the IGFs’ do not arise from a single 
organ source but are secreted by most tissues in response to 
growth hormone stimulation and circulate in plasma bound to high 
affinity binding proteins. Animal studies suggest that liver is the 
greatest single source of total serum IGF activity. 

There is an indirect evidence that the somatomedin group of 
peptides may be involved in human fetal development. For example, 
levels of somatomedins in cord plasma show a positive correlation 
with birth weight or length. 

Levels of IGF1, IGF2 are low throughout gestation with only a 
small increase in IGF1 prior to 32 - 34 weeks. From then, until term 
there is two to fourfold rise in both peptides, although level at birth 
are lower than in normal adults. IGF1 level is low at birth and rises 
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gradually throughout childhood to reach adult level at 8 - 10 years 
age (I.K. Asthan, J. Zapf et al). 

This lead to Daughaday’s original hypothesis that growth 
promoting effect of growth hormone were mediated by stimulation of 
liver to secrete the IGFs’ which in turn were carried peripherally to 
exert their effect on cartilage and extra skeletal cell proliferation. 
More recent evidence favours an autocrine role or a paracrine role 
rather than classic endocrine concept. IGF levels increase in extra- 
hepatic tissue in response to growth hormone stimulation, reaching 
a peak before maximum blood levels occur. IGF probably exerts its 
effect locally within these tissues before reaching the circulation, 
where it is complexed with binding proteins, which may restrict or 
modulate further activity, before clearance from the circulation. 

There are two theories of growth hormone action. The growth 
hormone hypothesis and the somatomedin hypothesis. 

According to somatomedin hypothesis the anabolic actions are 
mediated by IGF. Some effects of growth hormones are 
independent of IGF activity, such as enhancement of lipolysis, 
stimulation of amino-acid transport in diaphragm and enhancement 
of protein synthesis. 
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Specific receptor for IGF have been identified. “Type 1 
receptor is similar to insulin receptor and binds preferentially IGF1 


but also binds IGF2 and insulin with lower affinity. 

Type 2 receptor is different, it binds IGF2 preferentially, IGF1 
with low affinity and does not bind insulin. IGF1 is predominantly 
responsible for the growth promoting effect of growth hormones, 
whereas, IGF2 may mediate other metabolic actions of growth 
hormones. Growth hormone is detectable in fetal serum at the end 
of first trimester and its concentration rises rapidly to reach a peak of 
100 - 150 ngm / L at about 20 week of gestation (Gluckman et al, 
1981). Mean levels decrease to about 30 ngm / L in cord serum at 
term and continue to fall during the early postnatal months. (Michael 
O. Thorner). 

Although growth hormone is not necessary for somatic growth 
in first six months of life but its alteration in perinatal asphyxia, 
abnormal mode of delivery, degree of apgar score, prematurity, 
congenital central nervous system infection have been reported in 
the recent past, which may affect the somatic growth of neonate 
later on. 
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Aims and objectives 


1. To measure the growth hormone levels in full-term and pre-term 
neonates. 

2. To study the relationship of gestational age, sex, birth weight, 
length and head circumference with growth hormone levels in 
neonates. 
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Review of Literature 


Growth hormone is the most abundant anterior pituitary 
hormone. It is a 191 amino acid polypeptide hormone secreted by 
anterior pituitary. 

Pituitary gland comprises anatomically and functionally distinct 
anterior and posterior lobes. Blood supply of pituitary is derived from 
the superior and inferior hypophyseal arteries. 

The pituitary is derived from two sources, epithelial and neural 
portion. The epithelial portion includes pars distalis, intermediate 
lobe and pars tuberalis. It originates from evagination of Rathke’s 
pouch. The neural portion, which includes the infundibulum, neural 
stalk and posterior lobe, arises in the saccus infundibulum in 
diencephalon. The human fetal pituitary can synthesize and secrete 
HGH by 8 - 10 weeks of gestation (Delbert A. Fisher). Acidophilic 
cells are detectable at about third month of gestation, basophilic 
cells somewhat latter. Cells that produce GH, ACTH are detectable 
at ninth week of gestation (Michael. 0 Thorner et al). 
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Growth hormone is secreted by somatotropes which are 
acidophilic cells lying in the anterior lobe of the pituitary. 
Somatotropes make about 50% of the anterior pituitary cells. 

HGH gene is located on long arm of chromosome 17. Its gene 
(HGH1) is first in the cluster of 5 closely related genes (q 22 - 24). 
The four other genes have more than 90% sequence identity with 
the GH1 gene. They consist of CS1 and CS2 genes, which encode 
the same HCS (Human Chorionic Somatomammotropin), a 
placental growth hormone (GH2) and a pseudogene (CSP). 

Synctiotrophoblast of placenta produce large quantities of 
HCS and placental growth hormone replaces pituitary growth 
hormone in maternal circulation after 20 weeks of gestation. When 
the fetal gene lacks CS1, CS2 and CSP genes - the HCS and GH 
are absent but fetal growth and post partum lactation are normal 
(John S. Parks). 

Growth hormone secretion is controlled by dual hypothalamic 
regulation. Release of growth hormone is stimulated by GHRH also 
known as somatocrinin, by regulating the transcription of growth 
hormone m-RNA by controlling cyclic AMP levels (Baringa et al, 
1983). 
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Growth hormone secretion is inhibited by growth hormone 
release inhibiting hormone, also known as somatostatin. It appears 
to determine the timing and amplitude of growth hormone pulse, but 
has no effect on growth hormone synthesis. Somatostatin is 
produced by periventricular and medial preoptic area of anterior 
hypothalamus (Alpert, 1957, Halasz 1994). 

A second stimulator system, parallel to that involving HGRH 
receptor is activated by Gherlin. Gherlin is produced in arcuate 
nucleus of hypothalamus and in much greater quantities by 
stomach. Fasting stimulates and feeding inhibits Gherlin release into 
circulation. (John S. Parks) 

The pattern of growth hormone secretion depends upon a 
number of factors, including stage of development, nutritional state, 
sleep stage, stress (Traumatic, Surgical, Inflammatory), exercise 
and various neurogenic metabolic and hormonal factors. 

The stimulus for secretion is releasing factor or neural signal 
that induces rapid changes in intracellular calcium concentration 
leading to fusion of granules with plasma membrane and its release 
into extracellular environment. 
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Peaks of growth hormone secretion occur when peaks of 
GHRH coincide with troughs of somatostatin with the highest peak 
occurring during sleep 

After protein processing, peptide hormones are stored in 
secretary granules which are poised beneath the plasma membrane 
for immediate release into the circulation. 

The secretion of growth hormone is pulsatile, which increases 
after meals, exercise and during slow wave sleep. It is inhibited 
during REM sleep. Growth hormone secretion is inhibited by 
cortisol, free fatty acids and medroxyprogesterone. Growth hormone 
is necessary for normal linear growth. Its deficiency causes short 
stature and excess leads to gigantism. Growth hormone does not 
appear to be the principle direct stimulator of growth but it acts 
indirectly by formation of other hormones. These factors, known as 
somatomedins or IGF, are dependent and are responsible for 
growth stimulation (Yamashita et al, 1986). IGF1 or somatomedin - 
c, the most important somatomedin for postnatal growth is produced 
in liver, chondrocytes, kidney, muscle, pituitary and gastrointestinal 
tract. Liver is the main source. 
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IGF1 circulate in plasma in bound form with 6 distinct binding 
proteins. The net effect of binding is to increase the t V2 of IGF1 to 3 
to 18 hours, as compared with the t 1/2 of 20 - 30 minutes for 
unbound hormones. 

GH is bound in plasma to proteins that is a large fragment of 
the extracellular domain of growth hormone receptor. Its 
concentration is an index of number of growth hormone receptors in 
tissues. 

GH is metabolized rapidly at least partly in the liver. The t y 2 of 
circulating growth hormone is 6 to 20 minutes. Growth hormone 
receptor is a 620 amino acid protein with a large extracellular 
domain, a transmembrane domain and a large cytoplasm portion. 
Growth hormone has two binding sites for receptors. Hormones 
binding to receptors produces as homodimer. Dimerization is 
essential for growth hormone action. 

The prolactin and growth hormone receptors are part of 
cytokines receptors super family. These receptors signal through 
activation of JAK family of intracellular tyrosine kinases and the 
STAT family of transcription factors. Growth hormone activates JAK 
2 )and to a less extent JAK1 and 3), and STAT 1 , 3 and 5. The 
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specificity of the activation of JAK-STAT pathway depends on the 
cell type (Delbert A Fisher). 

Though growth hormone exerts direct effects in target tissues, 
many of its physiological effects are mediated indirectly through 
IGF1, a potent growth and differentiation factor. The major source of 
circulating IGF1 is hepatic in origin. Peripheral tissue IGF1 exerts 
local paracrine actions that appear to be both dependent and 
independent of growth hormone. Thus, growth hormone 
administration induces circulating 1GF1 level as well as stimulating 
IGF1 expression in multiple tissues. 

Both IGF1 and IGF2 are bound to one of the six high affinity 
circulating IGF binding proteins (IGFBPs), that regulate IGF bio- 
activity. Levels of IGFBP3 are growth hormone dependent, and it 
serves as the major carrier protein for circulating IGF1. Growth 
hormone deficiency and malnutrition are associated with low 
IGFBP3 levels. IGFBP1 and 2 regulate local tissue IGF action, but 
do not bind appreciable amounts of circulating IGF1. 

The level of IGF1 at birth is lower than that of an adult and 
rises gradually during childhood to reach the adult level at 8 to 10 
years of age. 
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Although IGF1 levels correlate with linear growth, the 
correlation is inexact, therefore, growth hormone may have some 
indirect influence on growth or may cause somatomedin generation 
in target tissues. 

Heller (1954) and Jost (1953), suggested that fetal pituitary 
produces adrenocorticotropin hormone during intra-uterine life, and 
that the maternal pituitary hormone cannot reach the fetus 
transpiacentally in such concentration as might replace that which 
apparently was being supplied by the fetal pituitary. 
Haemagglutination inhibition immunoassay procedure for growth 
hormone of Dominguez and Pearson was used in this study. Mean 
value of growth hormone in normal adult was 0.3 pg / dl, with a 
range of 0.1 - 0.6 pg/ dl. Patients with active acromegaly had value 
ranging from 0.6 to 11.5 pg/ dl, with a mean of 2.1 pg / dl. Growth 
hormone levels of umbilical arterial blood were significantly higher 
than those of umbilical venous blood with mean value of 1.99 pg / dl 
and means and SEM of difference of umbilical arterial and umbilical 
venous growth hormone was + 0.68 ± 0.096 p gm / dl of serum, a 
highly significant difference (p < 0.001). The growth hormone level 
of umbilical venous blood was also higher than those of maternal 
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venous blood. The mean umbilical venous growth hormone value 
was 1 .31 }jg / dl of serum and mean and SEM of difference between 
umbilical venous and maternal venous growth hormone level was + 
0.31 ± 0.089 pg / dl of serum (p < 0.01). 

There was no instance in which the growth hormone level in 
maternal venous blood was higher than that of umbilical venous 
blood, and in no instance the umbilical venous blood levels higher 
than the umbilical arterial blood level. These observations are 
consistent with active secretion of the growth hormone by the 
anterior pituitary gland of the fetus. High level of growth hormone in 
umbilical cord blood has also been reported by Greenwood et al 
(1964), Glick et al (1963) and by Kalkhoff et al (1964), by utilizing a 
radioimmunoassay. 

Greenwood et a!(1 964), has reported similar levels of growth 
hormones in umbilical arterial and venous blood in two cases and 
Glick et al (1 997), had similar findings in one case. 

Kaplan and Grumback (1964) has shown that binding affinity 
of anti human growth hormone hemagglutinating antibodies for 
human placental lactogen was less than half for human growth 
hormone. This observation was confirmed by using a purified human 


14 



placental lactogen prepared by Dr. Henry Friesen. This preparation 
was assayed by hemagglutination inhibition assay for human growth 
hormone, 1600 times the amount of human placental lactogen was 
needed to produce hemagglutination inhibition than with human 
growth hormone. It indicate that values for maternal serum human 
growth hormone reported here represent human growth hormone 
and not human placental lactogen. Higher level of human growth 
hormone in the fetal circulation suggest that human growth hormone 
was not transferred from the mother. Preliminary studies of human 
placental lactogen suggest that it does not cross the placenta from 
mother to fetus, but the result are not conclusive because lack of 
sensitivity and specificity of the assays. 

Kaplan et al (1972) measured the content and concentration of 
growth hormone in human fetal pituitary gland from 68 days of 
gestation to term and in the pituitary gland of one month to 9 years 
old children. The human pituitary gland secretes polypeptide 
hormones early in gestation. Acidophilic cells have been observed in 
the anterior hypophysis by the 9 th week of gestation by 
histochemical method (Covell 1927 & Daikoku 1958) by electron 
microscopy method of Dubois P (1968) and by immunofluorescence 
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technique of Grumback (1962), Ellis et al (1966). immunoassay of 
human growth hormone, human chorionic somatotropin and insulin 
were performed by double antibody method. Growth hormone was 
detected in the fetal pituitary giand as early as 68 days of gestation, 
the youngest pituitary gland assayed. At 10-14 weeks of gestation, 
the mean content of growth hormone was 0.44 ± 0.20 pg/mg 
pituitary and the mean concentration was 0.14 ± 0.9 pg / mg. At 15- 
19 weeks mean growth hormone content was 9.21 ± 2.31 pg/mg 
pituitary and mean concentration was 2.02 ± 0.55 pg / mg of 
pituitary. At 20 - 24 weeks the mean content was 59.38 ± 1 1.08 pg 
and mean concentration was 3.83 ± 0.60 pg / mg, at 25 - 29 weeks 
mean content was 225.93 ± 40.49 pg and mean concentration 9.24 
± 3.25 pg / mg; at 30 - 34 weeks with the mean content was 577.67 
± 90 pg with mean concentration of 9.34 ± 1.22 pg / mg, at 35 - 40 
weeks the mean content was 675.17 ± 112.33 pg and the mean 
concentration was 7.5 ± 1.47 pg / mg. The increment in the content 
and concentration of growth hormone bore a significant relationship 
to gestational age, crown-rump length, and to the weight of the 
pituitary gland. 
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They observed that the peak level of growth hormone was 
attained by 20 - 24 weeks of gestation. After that the concentration 
of serum growth hormone showed a significant negative correlation 
with gestational age (p < 0.001). 

In 17 fetuses, from which matched serum and pituitary 
specimens were obtained, there was no significant correlation of the 
concentration of serum growth hormone to the pituitary content of 
growth hormone (p > 0.05). There was no significant difference 
between the mean concentration at 15 - 19 weeks, 20 - 24 weeks or 
25 - 29 weeks. The mean concentration of serum growth hormone 
at 25 - 29 wee ks was significantly greater than at 30 - 40 weeks (p 
< 0 . 02 ). 

Regulatory mechanisms for control of growth hormone 
secretion may not become fully functional until infancy by which 
time myelination, cortical development and synchronous EEG 
activity are at mature stage. (Turner et al, 1971). 

Cornbiath et al (1964), had studied the secretion and 
metabolism of growth hormone in premature and fullterm infants and 
measured the growth hormone levels by radioimmunoassay. The 
mean (± SD) level of growth hormone in the plasma obtained from 
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blood taken from the umbilical vein was 66 ± 72.2 (9 - 320) ng/ml. 
During the first 24 hours, the mean level was 52 ± 39.3 ng/ml with a 
subsequent rise to 72 ± 56.3 in the next 24 hours. Although, growth 
hormone levels were the same in the cord blood of both male and 
female infants, the males had significantly higher levels of HGH 
during the first month of life. 

Turner et at (1971) had noted that in fetus delivered by 
hysterectomy at 20 -24 weeks of gestation, concentration of serum 
growth hormone was 3 fold higher in peripheral blood (Mean 90 ± 
51 ng / ml) obtained post delivery than that noted at delivery in 
umbilical cord blood (mean 59 ± 22 ng / ml). At term the 
concentration of growth hormone was lower in umbilical venous 
blood samples than in fetus at 20 - 24 weeks of gestation. 

Aubert et al (1972) had shown that the magnitude of serum 
growth hormone rise 1 hour post delivery was less in fetus delivered 
at term than at mid gestation. The serum rise in response to 
acidosis or anoxia of the fetus was significantly less in full term fetus 
than those delivered at mid gestation, (Turner et al, 1971). This 
difference in the growth hormone responsiveness to stress with 
maturation of fetus was consistent with hypothesis of persistent 
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immature state or incomplete development of control mechanism for 
the release of GH until early infancy. 

Delayed removal of growth hormone from fetal circulation 
could contribute to the elevated levels of serum growth hormone. 
The disappearance rate of exogenously administered growth 
hormone was comparable in the premature infant to that observed in 
the child and adult, (Cornblath et al, 1965). So it was seen to be 
unlikely that delayed disposal of growth hormone was a major factor 
in the elevated serum growth hormone in the fetus. Transplacental 
passage of growth hormone was negligible and did not contribute to 
elevated fetal growth hormone levels. Human placental hormone, 
chronic somatomammotropin (HCS) which bear many similarities, to 
growth hormone have limited transplacental passage as evidenced 
by low concentration of human chorionic somatomammotropin in 
umbilical venous sera, in fetal sera in contrast to maternal sera, and 
by limited transfer to the fetus of HCS I 123 administered to the 
mother, (Grumback et al, 1968). The concentration of human 
chorionic somatomammotropin in the fetal sera is only 1 /20 th to 
1 /300 th of that present in the maternal circulation at that gestational 
age. There was no relationship between the level of maternal serum 
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human chorionic somatomammotropin and serum human 
chorionic somatomammotropin in the fetus throughout the gestation. 
The biological activity of human and animal fetal growth hormone 
had been demonstrated in animal by classic bioassay method. 
Available evidence suggested that neither maternal nor fetal growth 
hormone is essential for normal fetal growth. The birth length of a 
pituitary fetus, anencephalic fetus, or children with idiopathic 
hypopituitarism is usually within the normal range, (Nanagas et al 
1926) and Dunn 1966). Children born to women with isolated growth 
hormone deficiency or to the mothers hypophysectomized during 
gestation do not show evidence of growth retardation (Chez et al, 
1970). The possible role of insulin as a growth factor in the fetus is 
not inconsistent with its known biological action. Administration of 
insulin to the rat fetus induces the change in length and weight as 
well as an increase in body content of proteins and lipids. Body 
weight and width of the tibial epiphysis was increased in the 
hypophysectomized rat treated with insulin. Elevated circulatory 
level of insulin in fetus as in infants of diabetic mother and in those 
with transposition of great vessels were associated with increased 
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birth weight and length, infants with congenital diabetes tend to be 
of low birth weight and length. 

The role of somatomedins on skeletal growth in fetus remain 
speculative. Indirect evidence suggest that somatomedin may affect 
growth. The birth length of the children with a hereditary form of 
dwarfism, associated with decreased plasma somatomedin activity, 
was significantly retarded in contrast to the normal or near normal 
birth length of a pituitary fetus and children with hypothalamic 
hypopituitarism. Hence there may be other effectors of 
somatomedin synthesis in the fetus. Since the absence of GH is not 
rate limiting in terms of fetal growth, other humoral growth factor as 
yet unidentified may be present in the fetus. Nerve growth factor 
shown to have similarities in structure and function to that of 
proinsulin, may be representative of other inducer substances 
present during fetal life which may influence the fetal development. 

Sack et al (1976) studied the normal term newborn during the 
first 4 hrs of life and measured serum thyrotropin (TSH), prolactin 
(PRL) and growth hormone level. Cord blood was collected from 
normal newborn at term within four days of life. The mean serum 
growth hormone concentration remained essentially unchanged 
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during the first 4 hours with mean value ranging from 24 - 42 ng / 
ml. 

The mean serum growth hormone level did not change 
significantly during the first four hours of life. However in newborn 
there was a decrease in serum growth hormone concentration 
during the first 30 - 120 min. Glucose infusion tends to inhibit 
growth hormone release but paradoxical increase had been 
observed in response to glucose infusion during the neonatal life. 
Inhibition of growth hormone release was observed after 
somatostatin infusion. The fact that the growth hormone levels tend 
to decrease rather than increase was against the view that the 
thyrotropin and prolactin increments represent stress response. It 
also was unlikely that the transient reduction in serum growth 
hormone level was mediated by somatostatin, since somatostatin 
inhibit the thyrotropin response to thyrotropin releasing hormone. 
Thus hypothalamic pituitary response to parturition did not appear to 
represent a non specific stress response, rather selective thyrotropin 
releasing hormone release seems to be involved, perhaps mediated 
by neonatal cooling. 



Nagashimha et al (1986) measured the level of growth 
hormone and growth hormone releasing factor in cord blood to 
evaluate the mechanism of high growth hormone secretion in 
perinatal life. Umbilical venous blood samples were obtained from 
normal neonates at the time of delivery. The plasma 
immunoreactive growth hormone releasing factor were measured by 
double ' antibody RIA method and plasma growth hormone, 
somatostatin (SRIF) and somatomedin-c were measured by RIA kit. 
The levels of plasma growth hormone, growth hormone releasing 
factor and somatostatin were remarkably higher than the normal 
range in healthy adult. The level of growth hormone (mean ± SE) in 
cord blood was 23.4 ± 10.2 ng / ml as compared to 2.3 ± 0.9 ng / ml 
in normal adult. The levels of growth hormone releasing factor and 
somatostatin and somatomedin-c in cord blood were 49.5 ± 11.7 pg 
/ ml, 41.0 ± 10.4 pg / ml and 0.22 ± 10 U/ml respectively as 
compared to 26.5 ± 12 pg / ml, < 15 pg / ml and 1.05 ± 0.21 U / ml in 
normal adult. In statistical analysis there were no relationship found 
among the level of growth hormone, growth hormone releasing 
factor and somatostatin. There were no relationship between body 
weight of infant, gestational age and sex and the levels of growth 
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hormone, growth hormone releasing factor and somatostatin. Block 
et al (1984) reported that neurons immunoreactive with human 
growth hormone releasing factor antibodies were first detected at 
the 29 th week of gestation and suggested that first stage of 
differentiation and development of growth hormone producing cells 
in the human fetus did not depend on hypothalamic growth hormone 
releasing factor secretion. Shimano et al (1985) reported that the 
response of growth hormone secretion to human growth hormone 
releasing factor administration in neonate was higher than in normal 
children and adult. It was reported that the sensitivity of 
somatotropes in pituitary gland was high and that the growth 
hormone secretion from the hypophysis in the late stage of fetal 
development might already be regulated by hypothalamic growth 
hormone releasing factor. It was speculated that high growth 
hormone releasing factor secretion in addition to the high 
responsiveness to it might increase the secretion of growth hormone 
in the perinatal period and low level of somatotropin might increase 
the secretion of growth hormone releasing factor from the 
hypothalamus. 
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Naguib et al (1987) investigated the relationship between 
growth hormone, somatomedin-c non suppressibie insulin like 
activity, weight, gestational age and 1-min apgar score in the 
newborn infants. Umbilical cord blood was obtained from the 
placental side that contained both the arterial and venous blood. 
Levels of growth hormone in premature, short for gestational age, 
appropriate age and large for gestational age neonates were 23 ± 

1 1 ng / ml, 17.3 ± 12 ng / ml, 13.7 ± 8.5 ng / ml and 13.7 ±12 ng / ml 
respectively. Levels of somatomedin-c in the same group were 0.46 
± 0.3 U / ml, 0.91 ± 0.62 U / ml, 0.82 ± 0.7 U / ml, 1.1 ± 0.8 U / ml 
respectively and levels of non suppressibie insulin like activity were 
130 ± 63 pu / ml, 220 ± 102 pu / ml, 179 ± 113 pu / ml and 214 ± 
102 pu / ml respectively. It was found that growth hormone in 
premature infant was significantly higher than levels in large for 
gestational age and appropriate for gestational age infants (p < 
0.05). 

Somatomedin-c level was significantly low in premature infants 
compared with large for gestational age infants (p < 0.05) and it was 
significantly lower in premature group as compared to term 
neonates. Non suppressibie insulin like activity was significantly low 


25 



in premature infants as compared with short for gestational age and 
large for gestational age infants (p<0.05) and levels were 
significantly low in premature as compared to term infants. There 
was significant negative correlation between one minute apgar 
score and growth hormone level in infants. There was no significant 
correlation between somatomedin-c or non suppressible insulin like 
activity and the one-minute apgar score. The higher growth 
hormone level in premature infants as compared to term infants 
supports that growth hormone may not play an important role in fetal 
growth. 

It had been suggested that insulin might be the main hormone 
responsible for intrauterine fetal growth either by its direct action or 
by stimulation of somatomedin formation (Spencer et al, 1983,96). 
Somatomedin stimulate the DNA synthesis, cell multiplication and 
incorporation of organic sulphate into cartilage (Daughaday et al, 
1976 and Zopf et al, 1986). These observations had been confirmed 
with pure insulin like growth factor I and II. It had been shown in vivo 
that insulin like growth factor was capable of stimulating growth 
indices and body weight in the absence of growth hormone. 
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It was suggested that prolactin and growth hormones are 
sensitive indicators of fetal and perinatal distress. Growth hormone 
concentrations were lower in neonates with severe hypoxic 
ischaemic encephalopathy than in newborn children with mild and 
moderate encephalopathy. It may result from a transient or 
sometimes even permanent damage of the hypothalamic 
hypophyseal axis caused by severe anoxia (Varvarigou et al, 
(1996), Gluckman et al (1979)). 

Kapoor et al, 1996 conducted a study to measure growth 
hormone level in normal term and preterm neonates and to evaluate 
the alteration in growth hormone in birth asphyxia. 

This study was carried on 64 cases of birth asphyxia including 
18 preterm and 46 term and 64 neonates including 15 preterm and 
50 term, matched for gestational age, sex and weight who were 
delivered in the hospital. Apgar scoring was done at one minute 
after birth and gestational age was calculated by LMP and 
correlated with Ballard modification of Dubowitz scoring system. 
Weight was recorded within one hour of birth. Neonates with 
gestational age less than 30 week, SGA babies and babies with 
congenital malformation were excluded from the study. Neonates 
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with apgar score less than or equal to 7 were included in study as 
cases and those with apgar score more than 7 were taken as 
control. Asphyxiated newborn were further divided into 3 groups 
according to their 1 minute apgar score; mild asphyxia with apgar 
score between 5 - 7, moderate asphyxia with apgar score 3 - 4 and 
severe asphyxia with apgar score 0 - 2. Two ml nonoxalate blood 
was taken from umbilical cord at the time of delivery in all neonates. 
Serum was separated in glass vial and stored at 2 - 8°C for the 
assay on the same day or frozen at -20°C, if the test was done later 
than 24 hours after collection. 

Growth hormone was estimated by radio immunoassay 
method using code RIAK - 3 kits supplied by Radio Pharmaceuticals 
Division of Bhabha Atomic Research Centre, India. 

The mean birth weight and gestational of neonates age of 
neonates included in the study was 2.59 ± 0.57 Kg (1.3-3. 5 Kg) and 
37.42 ± 2.5 weeks (30 - 41 weeks) respectively. Full term neonates 
had mean birth weight 2.99 ± 0.34 Kg (2.5 - 3.5Kg) and mean 
gestational 38.6 ±1.16 weeks (37 - 41 weeks) while preterm had 
mean birth weight 1.92 ± 0.36 Kg (1.3 - 2.4Kg) and mean 
gestational age 34 ± 1 .54 weeks (30 - 37 weeks). 
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In cord blood of term neonates (n==50), growth hormone 
concentration ranged from 1 5 to 30 ng/ml with a mean of 25.2 ng/ml 
(SD 3.8) while in preterm neonates (n=14) the concentration ranged 
from 27 to 40 ng/ml with a mean of 37.3 ng/ml (SD 4.5). The growth 
hormone level in cases of birth asphyxia (18 preterm and 46 term) 
were 40 ± 2 ng/ml in mild asphyxia, 48.5 ± 7.2 ng/ml in moderate 
asphyxia, 66.6 ± 24.2 ng/ml in severe asphyxia in preterm babies 
and 28.3 ± 2.1 ng/ml in mild asphyxia, 34.5 ± 5.4 ng/ml in moderate 
asphyxia and 43.8 ± 8.7 ng/ml in severe asphyxia. 

There was statistically significant (p < 0.0001) difference 
among neonates in four categories, namely controls mild asphyxia, 
moderate asphyxia and severe asphyxia. 

In this study in preterm newborns growth hormone were 
significantly higher in comparison to term newborns. In both preterm 
and term neonates growth hormone levels increased with the 
severity of birth asphyxia. Growth hormone level were higher in 
asphyxiated preterm babies in comparison to term asphyxiated 
babies. The elevated growth hormonal level in birth asphyxia had 
been explained on the basis of stress. 
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G.D. Lakshman Rajesh et al in his study measured growth 
hormone levels in 33 umbilical cord blood samples. 

Babies with congenital malformation, hypoxic ischemic 
encephalopathy (HIE), intra uterine infections, still births, babies 
born to diabetic or eclamptic mothers were excluded from the study. 

Babies were divided into three groups : Group A included term 
babies with birth weight > 2500 gms, Group B included term babies 
with birth weight < 2500 gms and Group C consisted of preterm 
babies. 

There were 18 newborns in Group A, 9 in Group B, and 6 in 
Group C. The cord blood growth hormone ranged from 9.29 to 197 
ng/ml. The cord blood growth hormone levels in Group A ranged 
from 9.29 to 68.1 1 ng/ml with a mean of 28.1 and standard deviation 
of 12.83 ng/ml. The levels in Group B ranged from 28.6 to 197 ng/ml 
with a mean of 76.8, a standard deviation of 55.7 ng/ml. In Group C, 
values ranged from 28.6 to 105.4 ng/dl with a mean of 72.5 and 
standard deviation of 29.4 ng/dl. 

There was significant difference in between growth hormone 
levels in Group A and Group B (p < 0.01). The levels in group A 

I 

were significantly lower than Group C (p < 0.01). However, the 
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difference in levels between Group B and Group C was not 
statistically significant (p < 0.01). 

Growth hormone levels in preterm babies and low birth weight 
were higher as compared to term babies > 2500 gms indicating that 
growth hormone has an important role to play in intrauterine growth 
along with other growth promoting factors. 



Material 

& 

Methods 


Material and methods 


This study was conducted in the department of Pediatrics, 
M.L.B. Medical College, Jhansi in active collaboration with the 
department of Obstetrics and Gynaecology and department of 
Microbiology, M.L.B. Medical College, Jhansi. 

Criteria for selection of cases : Newborns delivered in the 
department of Obstetrics and Gynaecology, MLB Medical College, 
Jhansi, both term and preterms, were included in the study. 

Neonates with < 30 weeks of gestational age, asphyxiated 
newborns, neonates with congenital malformation .and those with 
high risk factors for prematurity were excluded. 

Neonates with mothers having cardiac, renal, pulmonary or 
other systemic disease were excluded from the study. 

History and examination of newborns : A complete medical and 
obstetric history including perinatal, natal, postnatal events, type of 
delivery, maternal or fetal complication were evaluated. 
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The gestational age was assessed by first day of last 
menstrual period (LMP), confirmation was done by New Ballard 
Score. 

Ail newborns were subjected to anthropometric examination: 

1 . Weight : Birth weight was taken on an electronic type of weighing 
scale with minimum measurement of 10 gm. 

2. Length : Length was taken with child supine on an infantometer. 
The head was held firmly in position against head board, legs 
straightened keeping feet at right angles to legs. 

3. Head circumference : Maximum occipito - frontal circumference 
from the occipital protuberance to the forehead. 

Head circumference was measured by a narrow non- 
stretchable measuring tape with minimum measurement of 0.1 
cm. 
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New Ballard scoring for gestational age estimation of neonates 

Neuromuscular maturity 



Maturity Rating 


Score 

Weeks 

-10 

20 

-5 

22 

0 

24 

5 

26 

10 

28 

15 

30 

20 

32 

25 

34 

30 

36 

35 

38 

40 

40 

45 

42 

50 

44 
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Physical maturity. 



-1 

0 

1 

2 

3 

4 ; 

5 “j 

Skin 

Sticky, Friable 

Gelatinous 

Smooth, j 

Superficial 

Cracking, 

Parch ament j 

Leathery, j 


transparent 

red, 

pink 

peeling &/cr j 

pale areas, : 

deep cracking, : 

cracked, j 



translucent 

visible 

rash, few j 

rare veins f 

no vessels 

wrinkled 




veins 

veins 

| 



Lanugo 

None 

Sparse 

Abundant 

Thinning 

Bald areas 

! 

Mostly bald 


Plantar 

Heel-toe, 

< 50 mm 

Faint 

Anterior 

Creases on ; 

Creases over 


surface 

40-50mm- 

No crease 

Red 

transverse 

anterior 2/3 

entire sole 



t <40mm-2 


Mark 

crease only 




Breast 

Imperceptible 

Barely 

Flat areola 

Stripped 

Raised 

Full areola, 5- 




perceptible 

no bud 

areola, 1-2 

areola, 3-4 

1 0 mm bud 






mm bud 

mm bud 



Eye/ear 

Lids fused 

Lids open 

Slightly 

Well curved 

Formed & 

i Thick 



loosely (-1) 

pinna flat 

curved 

pinna, soft but 

firm instant 

cartilage, ear 



Tightly (-2) 

stays folded 

pinna soft 

ready recoil 

recoil 

stiff 





slow recoil 





Genitals 

Male 

Scrotum flat, 

Scrotum 

Testis in 

Testis 

Testis 

i Testis 



smooth 

empty, faint 

upper 

descending, 

down, good 

j pendulous, 




rugae 

canal 

few rugae 

rugae 

deep rugae 


Female 

Clitoris 

Prominent 

Prominent 

Majora & 

Majora 

Majora cover 



prominent 

Clitoris, small 

Clitoris, 

minora equally 

large, 

clitoris & 




labia 

enlarging 

prominent 

minora 

minora 




Minora 

Minora 


small 




Collection of blood samples : 2 ml of non oxylated umbilical cord 
venous blood was taken at the time of delivery. 

Growth hormone estimation : In tills study serum GH assay was 
done by ELISA method by using microplate immuno 
enzymometric assay kit. 
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Preparation of serum assay : 1 ml of non oxylated blood was taken 
in a glass vial or tube. The blood was allowed to clot at room 
temperature. It was than centrifuged to separate serum from the 
cells. Serum sample was refrigerated at 2-8°C for a maximum 
period of 5 days. In case of not being assayed within this time, 
sample was stored at -20°C for upto 30 days. 

Principal of assay 

Immunoenzymometric assay: The essential reagents required for 
this assay include high affinity and specificity antibodies (enzyme 
and immobilized), with different and distinct epitope recognition, in 
excess and native antigen. In this procedure, the immobilization had 
taken place during the assay at the surface of a microplate well 
through the interaction of streptavidin coated on the well and 
exogeneously added biotinylated monoclonal anti growth hormone 
antibody. 

Upon mixing monoclonal biotinylated antibody, the enzyme 
labelled antibody and a serum containing the native antigen, 
reaction had occurred between the native antigen and the 
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antibodies without competition or stearic hindrance, to form a 

soluble sandwich complex. 

The interaction is illustrated by the following equation: 

K a 

Enz «tp) + A9 GH Btn %)*=> Enz %)- * GH Bt " Ab (m) 

K-, 

Btn A b m = Biotinylated monoclonal antibody (Excess quantity) 

Ag gh = Native antigen (Variable quantity) 

Enz Ab(p) = Enzyme labelled polyclonal antibody (Excess quantity) 

Antigen-antibodies sandwich complex. 

Rate constant of association 
Rate constant dissosiation 


EnZA W A8 GH BtnA >) 


= Antigen-antibodies sandwich 

Complex 


K a = Rate constant of association. 

K a = Rate constant of dissociation. 

Simultaneously, the complex was deposited to the well 


through the high affinity reaction of streptavidin and biotinylated 
antibody. This interaction is illustrated below: 


Enz 


Ip) 


Ag 


Btn A b + Streptavidin c.w.- 
GH (m) 


immobilized 

Complex 
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Streptavidin c.w. = Streptavidin immobilized on well. 

Immobilized complex = Sandwich complex bound to the solid 

surface. 

After equilibrium had been attained the antibody bound 
fraction was separated from unbound antigen by decantation or 
aspiration. The enzyme activity in the antibody bound fraction was 
directly proportional to the native antigen concentration. By utilizing 
several different serum reference of known antigen values, a dose 
response curve was generated from which the antigen concentration 
of unknown was ascertained. 

Test procedure 

Before proceeding with the assay, all reagents, serum 
references and controls were brought to room temperature. 

1. Microplate wells were formed for each serum reference, control 
and patient specimen to be assayed in duplicate: 

2. 0.050 ml (50pl) of the appropriate serum reference, control or 
specimen was pipetted into the assigned well. 
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3. 0.100 ml (1 OOjjl) of the biotinylated / enzyme labelled antibodies 
was added to each well. It is very important to dispense all 
reagents close to the bottom of the coated well. 

4. Microplate wells were swirled gently for 20-30 seconds to mix 
and were kept covered. 

5. The microplate wells were incubated for 60 minutes at room 
temperature. 

6. Contents of the microplate wells were discarded by decantation 
or aspiration. If decanted, then plates were dried by taping and 
blotting with absorbent paper. 

7. 300pl of wash buffer was added, decanted or aspirated and 
dried as above. This procedure was repeated two additional 
times for a total of three washes. 

8. 0.100ml (IOOjjI) of working substrate solution was added to all 
wells. Always reagents were added in the same order to 
minimize reaction time differences between wells and were 
incubated at room temperature for fifteen minutes. 

9. 0.050 ml (50pl) of stop solution was added to each well and 
microplate wells were swirled gently for 15-20 seconds to mix. 
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Reagents were always added in the same order to minimize 
reaction time difference between wells. 

10. The absorbance was read in each well at 450nm by microplate 
ELISA reader. The results were read within thirty minutes of 
adding the stop solution. 

With the help of dose response curve obtained by serum 
reference of known antigen values, growth hormone levels for 
respective absorbance of unknown serum was obtained. 



Observations 


Observations 


The present study was conducted on 40 neonates, delivered 
in the Department of Obstetrics and Gynaecology, M.L.B. Medical 
College, Jhansi from October 2003 to October 2004. 

The study comprised of, both normal birth weight (> 2.5 Kg) 
and low birth weight (< 2.5 Kg) neonates. Low birth weight group 
was further divided into preterm (< 37 weeks) and full term small for 
gestational age neonates (< 10 th centile for gestational age). There 
were no preterm small for gestational age cases in our study. 

Preterm group was again divided into neonates with 
gestational age of 30 - 33 weeks and 34 - 37 weeks respectively. 
None of the neonates included in the study had signs of birth 
asphyxia. 


Table 1 

Distribution of cases according to birth weight 


Birth Weight (Kg) 

Normal Birth 

Low Birth Weight (< 2.5 Kgs) (group b) 


Weight (> 2.5 

Preterm 

SGA 


Kgs) (group a) 



Number of cases (n) 

20 

! 

10 

10 






Out of 40 cases, 20 were of more than 2.5 Kg (Group a) and 
20 cases were of low birth weight (Group b) (Table 1). 

Low birth weight neonates were again divided into preterm 
and small for gestational age neonates. Our study comprised of 10 
preterm and 10 small for gestational age cases. 


Table 2 

Distribution of preterm cases according to gestational age 


Gestational age 

30 - 33 weeks 

34 - 37 weeks 

No. of cases 

5 

5 


Preterm cases were again divided on the basis of gestational 
age into neonates born at 30 - 33 weeks and those born at 34 - 37 
weeks of age. Each group comprised of 5 cases. Preterm cases < 
30 weeks were excluded from the study. 


Table 3 

Distribution of cases according to sex 



Male (m) 

Female (f) 

Normal birth weight (Group a) 

10 

10 

Low birth weight (Group b) 

10 

10 
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Table 3 shows the distribution of cases according to sex. 
There were 10 male and 10 female cases in both group ‘a 1 and 
group ‘b\ 

Table 4 


Growth hormone levels (ng/ml) in relation to birth weight 



(n) 

Range 

Mean ± S.D. 

Normal birth weight (a) 

20 

12.5-64 

| 

| 

35.65 ± 13.98 

Low birth weight (b) 

20 

25-120.5 

! 56.91 ±29.45 ' 

1 i 


Table 5 

Statistical analysis of Growth hormone levels in relation to birth 

weight 


't' value (Tab) 

d-f 

‘p’ value ('p'ab) 

Significance 

3.18 

38 

< 0.001 

Highly significant 


Table 4 depicts the growth hormone levels (ng/ml) in both the 
normal birth weight and low birth weight neonates. Neonates in 
group ‘a 1 showed a mean value of 35.65 ng/ml with a range of 12.5 
- 64 ng/ml and standard deviation of 13.98 ng/ml. The mean growth 
hormone level in group ‘b’ was 56.91 ng/ml with a range of 25 - 
120.5 ng/ml and standard deviation of 29.45 ng/ml. 
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Table 6 


Growth hormone levels (ng/ml) in full term newborns 



(n) 

Range 

Mean ± S.D. i 

| 

Full term AGA 

20 

12.5-64 

| 

35.65 ±13.98 : 

; 

Full term SGA 

10 

25-120.5 

58.4 ± 28.56 

| 

j 


Table 7 


Statistical analysis of growth hormone levels in fullterm 

newborns 


‘t’ value ('t' A s) 

d-f 

‘p’ value ('p'as) 

Significance 

2.37 

28 

<0.05 

Significant 


Table 6 depicts the levels of growth hormone in fullterm 
appropriate for age and fullterm small for gestational age cases. 
Mean Growth hormone level in fullterm AGA group was 35.65 ± 
13.98 ng/ml with a range of 12.5 - 64 ng/ml. Growth hormone level 
in fullterm SGA cases was 58.4 ± 28.56 ng/ml with a range of 25 - 
120.5 ng/ml. 



Table 8 


Growth hormone levels (ng/ml) in preterm and small for 

gestational age cases 



(n) 

Range 

Mean ± S.D. 

Pre term 

10 

30.5-98 

53.5 ± 24.63 

SGA 

10 

25-120.5 

58.4 + 28.56 | 


Table 9 

Statistical significance of growth hormone levels (ng/ml) 
between preterm and small for gestational age neonates. 


't' value (‘t'ps) 

d-f 

‘p’ value Op’ps) 

Significance 

0.411 

18 

> 0.05 

Not Significant 


Table 8 depicts the growth hormone levels among the 
subgroups of low birth weight neonates, i.e. the preterm and SGA 
cases. Preterm newborns had a mean growth hormone value of 
53.5 ± 24.63 ng/ml with a range of 30.5 - 98 ng/ml. Small for date 
neonates had mean GH value of 58.4 ± 28.56 ng/ml with a range of 
25 - 120.5 ng/ml. 
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Table 10 


Growth hormone levels (ng/m!) in relation to gestational age 



(n) 

Range 

Mean + S.D. 1 

Full term (F) 

20 

12.5-64 

| 

35.65 ±13.98 i 

; 

Pre term (< 37 weeks) (P) 

10 

30.5-98 

53.5 ±24.63 

1 


Table 11 

Statistical significance of growth hormone levels in relation to 

gestational age 


‘t’ value (*t’ F p) 

d-f 

'p' value ('p’fp) 

Significance 

2.16 

28 

<0.05 

Significant 


Table 10 shows the growth hormone levels in relation to 
gestational age. Full term neonates with weight > 2.5 Kg showed 
growth hormone level of 35.65 ± 13.98 with a range of 12.5 - 64 
ng/ml. Preterm neonates (< 37 weeks) showed growth hormone 
level of 53.5 ± 24.63with a range of 30.5 - 98 ng/ml. 
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Table 12 


Growth hormone levels in preterms 


Gestational age 

(n) 

Range j Mean ± S.D. j 

1 1 

30 - 33 weeks 

5 

30.5-87.0 ! 54.25 ±24.14 

j 

34 - 37 weeks 

5 

31.5-98 | 51.7 ±25.05 

I 

1 


Table 13 

Statistical significance of growth hormone levels in preterms 


't' value (Tab) 

d-f 

‘p’ value Cp’ab) 

Significance 

0.229 

8 

>0.05 

Not significant 


Table 12 shows the growth hormone levels in preterm 
neonates according to gestational age range (Table 2). It shows that 
mean level of growth hormone in neonates with 30 - 33 weeks was 
54.25 ±24.14 with a range of 30.5 - 87 ng/ml. In neonates with 34 - 
37 weeks the mean growth hormone level was 51.7 ± 25.05 with a 
range of 31 .5 - 98 ng/ml. 
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Table 14 


Growth hormone level (ng/ml) according to sex 



(n) 

Range 

Mean ± S.D. i 

Normal birth weight (a) 


; 


Male 

10 

12.5-64 

36.0 ± 14.33 

Female 

10 

13.5-61 

35.4 + 13.42 

Low birth weight (bj 




Male 

10 

30.5-116.5 

54.65 ±28.13 

Female 

10 

25-120.5 

59.35 ±30.2 


Table 15 

Statistical significance of growth hormone level (ng/ml) 

according to sex 



‘t’ value 

d-f 

‘p‘ value 

Significance 

Group a 

0.39 

18 

> 0.05 

Not significant 

Group b 

0.360 

18 

>0.05 

Not significant 

Tabl 

e 14 reviews the growth hormone values according to sex 


distribution (Table 3). This data shows that in group ‘a’ the male 
cases had mean growth hormone value of 36.0 ± 14.33 with a range 
of 12.5 - 64 ng/ml. Female cases in group ‘a’ had mean levels of 
35.4 ± 1 3.42 with a range of 1 3.5 - 61 ng/ml. 

In group ‘b’ the male cases had mean growth hormone value 
of 54.65 ±28.13 with a range of 30.5 - 116.5 ng/ml. Female cases 
in group ‘b’ had mean levels of 59.35 ± 30.2 with a range of 25 - 
120.5 ng/ml. 
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Table 16 


Growth hormone levels (ng/ml) according to length 


Length (cm) 

(n) 

GH Range 

I 

Mean ± S.D. j 

39.0 - 42 (a) 

8 

35-120.5 

59.7 ±15.55 

42.1 -45 (b) 

9 

25-98.0 

51.3 ± 13.46 

45.1 -48 (c) 

9 

30.5-76 

40.4 ±13.90 j 

1 

> 48 (d) 

15 

21 -63.5 

38.3 ±12.92 1 

1 

! 


Table 17 


Statistical significance of growth hormone levels (ng/ml) 

according to length 


r 

‘t’ value 

d-f 

'p 1 value 

Significance 

‘tab’ 

1.18 

15 

>0.05 

Not significant 

V 

2.69 

15 

<0.02 

Significant 

V 

1.689 

16 

>0.05 

Not significant 

■tbd' 

2.32 

22 

<0.05 

Significant 

'ted' 

0.368 

22 

>0.05 

Not significant 

'tad’ 

4.752 

21 

<0.01 

Significant 


Table 16 shows the distribution of study cases according to 
length at birth. Neonates included in this study had a length range of 
39 - 50.5 cm with a mean of 45.85 cm. 
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The neonates were grouped according to length range into 
four groups namely a, b, c, d respectively. The mean growth 
hormone values in group ‘a’ were 59.7 ± 15.55 with a range of 35 - 
120.5 ng/ml. In group 'b’ the mean levels were 51.3 ± 13.46 with a 
range of 25 - 98 ng/ml. In group ‘c’ the mean levels were 40.4 ± 
13.90 with a range of 30.5 - 76 ng/ml. In group ‘d’ the mean values 
turned out to be 38.3 ± 1 2.92 with a range of 21 - 63.5 ng/ml. 


Table 18 

Growth hormone levels in relation to head circumference 


Head circumference (cm) 

(n) 

GH Range 

Mean ± S.D. 

29.5-31 (a) 

8 

32-120.5 

58.7 ±15.02 

31.1 -32.5 (b) 

10 

23-92.0 

50.3 ±13.10 

32.6 - 34 (c) 

8 

32 - 80.5 

41.9 ±13.80 

> 34 (d) 

14 

21 -61.5 

38.7 ±12.6 
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Table 19 


Statistical analysis of growth hormone levels in relation to head 

circumference 


l 7 

‘t’ value 

d-f 

‘p’ value 

Significance 


1.23 

16 

>0.05 

Not significant 

V 

2.33 

14 

<0.05 

Significant 

"V 

1.35 

16 

>0.05 

Not significant 

w 

2.17 

22 

<0.05 

Significant 

‘ted’ 

0.561 

20 

> 0.05 

Not significant 

'tad' 

3.18 

J 

20 

<0.01 

Significant 


Head circumference of ail the studied cases were measured 
and were grouped according to range of head circumference into 
four groups namely a, b, c, d respectively. 

On viewing table 18 we find the levels in group ‘a’ to be 58.7 ± 

15.02 with a range of 32 — 1 20.5 ng/ml. Group ‘b’ had mean value of 

50.3 ± 13.10 with a range of 23 - 92 ng/ml. Group ‘c’ had mean 
values of 41.9 ± 13.80 with a range of 32 — 80.5 ng/ml. In group d 
the mean values were 38.7 ± 1 2.6 with a range of 21 -61.5 ng/ml. 
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Discussion 



Discussion 


The present study was conducted on 40 neonates, delivered 
in the Department of Obstetrics and Gynaecology, M.L.B. Medical 
College, Jhansi from October 2003 to October 2004. 

The present study was undertaken with the following aims : 

3. To measure the growth hormone levels in full-term and pre-term 
neonates. 

4. To study the relationship of gestational age, sex, birth weight, 
length and head circumference with growth hormone levels in 
neonates. 

The present study comprised of 40 neonates, out of which, 20 
neonates were normal birth weight and 20 were low birth weight. 
Low birth weight neonates were again divided into preterm and 
fullterm small for gestational age neonates (Table 1). 

Cases were divided according to sex into male and female 
subgroups in both normal and low birth weight (Table 3). Cases 
were divided into subgroups according to range of length and head 
circumference (Table 16, 18). 
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Some studies have been conducted on growth hormone levels 
in normal full term and preterm babies by different workers, with 
varying results. There is a paucity of studies in Indian literature on 
this subject. We could not find any other study which relates growth 
hormone level to length and head circumference of newborns. 

In our study, neonates in group ‘a 1 (birth weight > 2.5 Kg) 
showed a mean value of 35.65 ng/ml with a range of 12.5 - 64 
ng/ml and standard deviation of 13.98 ng/ml. The mean growth 
hormone level in group ‘b’ (birth weight < 2.5 Kg) was 56.91 ng/ml 
with a range of 25 - 120.5 ng/ml and standard deviation of 29.45 
ng/ml (Table 4). 

On statistical analysis, the growth hormone levels in low birth 
weight group was found to be significantly higher (p < 0.001) than in 
neonates with normal birth weight (Table 5). 

Naguib et al (1 987), in their study found growth hormone value 
in normal birth weight cases to be 13.7 ± 8.5 ng/ml. These values 
are somewhat lower than our findings. 

Kapoor et al (1996), estimated growth hormone levels by 
radioimmunoassay method using code RIAK-3 kits. They found 
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values in full term neonates to be 25.2 ± 3.8 ng/ml, which are lower 
than that of our observed values. 

G.D. Lakshman Rajesh et al (2000), measured growth 
hormone values using radioimmunoassay kit, Wallac 1470 wizard 
Auto Gamma Counter. They observed that growth hormone values 
in babies with weight > 2.5 Kg were 28.1 ± 12.83 ng/ml. These 
values are somewhat lower than our observed values. In term 
babies with weight < 2.5 Kg it was 76.8 ± 55.7 ng/ml, which are 
higher than our findings. 

In our endeavour the growth hormone levels in fullterm 
appropriate for age and fullterm small for gestational age cases 
were compared. Mean Growth hormone level in fullterm AGA group 
was 35.65 ± 13.98 ng/ml with a range of 12.5 - 64 ng/ml. Growth 
hormone level in fullterm SGA cases was 58.4 ± 28.56 ng/m! with a 
range of 25 - 120.5 ng/ml (Table 6). 

On statistical analysis, we found that growth hormone levels in 
fullterm small for gestational age cases were significantly higher 
than fullterm appropriate for gestational age cases ('p' A s < 0.05) 
(Table 7). 
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Naguib et al (1987), measured growth hormone values using 
immunoreactive method, in their study growth hormone values in 
fullterm AGA cases were 13.7 ± 8.5 ng/ml, which are somewhat 
lower than our findings. In small for gestational age cases, the value 
was 17.3 ±12 ng/ml, which is also lower than our findings. 

G.D. Lakshman Rajesh et al (2000), in his study found levels 
in term AGA group to be 28.1 ± 12.83 ng/ml, which are lower than in 
our study. In his study, the levels in term newborns with birth weight 
< 2.5 Kg were 76.8 ± 55.7 ng/ml, which are slightly higher than our 
observed values. 

Table 8 depicts the growth hormone levels among the 
subgroups of low birth weight neonates, i.e. the preterm and SGA 
cases. Preterm newborns had a mean growth hormone value of 
53.5 ± 24.63 ng/ml with a range of 30.5 - 98 ng/ml. Small for date 
neonates had mean GH value of 58.4 ± 28.56 ng/ml with a range of 
25 - 120.5 ng/ml. 

On statistical analysis of the above data, we observed that 
growth hormone levels in preterm cases were not significantly 
different from small for gestational age cases ( p > 0.05) (Table 9). 
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In a study by Naguib et al (1987), the growth hormone values 
in preterm newborns were 23 ± 1 1 ng/mi and in SGA newborns, it 
was 1 7.3 ± 1 2 ng/ml. These are lower than our observed values. 

Kapoor et al (1996), in their study found levels in preterm 
cases to be 37.3 ± 4.5 ng/ml. These values were also lower than 
ours’. They didn’t considered SGA cases in their study. 

G.D. Lakshman Rajesh et al (2000), observed that mean value 
in preterm cases was 72.5 ± 29.4 ng/ml, whereas, in fullterm small 
for gestational age cases it was 76.8 ± 55.7 ng/ml. These values are 
higher than those in our study. 

As evident from observations of Table 10 the growth hormone 
levels in fullterm neonates with weight > 2.5 Kg were 35.65 ± 13.98 
with a range of 12.5 - 64 ng/ml. Preterm neonates (< 37 weeks) 
showed growth hormone level of 53.5 ± 24.63with a range of 30.5 - 
98 ng/ml. 

From the data tabulated in table 11 we can say that growth 
hormone levels in preterm neonates were significantly higher than 
full term neonates (‘p’ F p < 0.05). 

Cornblath et al (1964), observed that growth hormone value in 
fullterm neonates was 66 ± 72.2 ng/ml (9 - 320), which are lower 
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than our observed values. In their study, the value in preterm 
neonates were 59 ± 15.7 (38 - 83) ng/ml. This is lower than the 
values of our study. 

Naguib et al (1987), found that term cases had values of 13.7 
± 8.5 ng/ml, whereas, preterms had 23 ± 11 ng/ml. These 
observations are lower than in our study. Stubbe and Wolf (1970), 
observed the values in fullterm newborns to be 45.7 ± 4.8 ng/ml. 

Kapoor et al (1996), in their study found that term neonates 
were having values of 25.2 ± 3.8 ng/ml, whereas preterms had 37.3 
± 4.5 ng/ml, which are lower than that of our study. 

G.D. Lakshman Rajesh et al (2000), found that in fullterm 
neonates levels were 28.1 ± 12.83 ng/ml, which are lower than ours. 
In preterm newborns, they found the levels to be 72.5 ± 29.4 ng/ml, 
which are higher than in our study. 

On study of growth hormone levels in preterm group according 
to gestational age range we found the mean levels of growth 
hormone in neonates with 30 - 33 weeks to be 54.25 ±24.14 with a 
range of 30.5 - 87 ng/ml. In neonates with 34 - 37 weeks the mean 
growth hormone level was 51.7 ± 25.05 with a range of 31.5 - 98 
ng/ml (Table 12). 
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On analyzing the above data statistically we found that the 
mean growth hormone levels between these two subgroups are not 
significantly different (Table 13). It shows that growth hormone 
values are not significantly affected by gestational age range within 
the preterm group. 

The distribution of growth hormone values according to sex 
distribution showed that in group ‘a’ the male cases had mean 
growth hormone value of 36.0 ± 14.33 with a range of 12.5 - 64 
ng/ml. Female cases in group ‘a’ had mean levels of 35.4 ± 13.42 
with a range of 13.5 - 61 ng/mi. Similarly, in group ‘b’ the male 
cases had mean growth hormone value of 54.65 ± 28.13 with a 
range of 30.5 - 116.5 ng/ml. Female cases in group ‘b’ had mean 
levels of 59.35 ± 30.2 with a range of 25 - 120.5 ng/ml (Table 14). 

On statistical analysis of above values we found that growth 
hormone values were not significantly different between male and 
female cases in weight matched groups (Table 15). 

Cornblath et al (1964), also did not found any significant 
difference between male and female cases in weight matched 
groups. 
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In our study neonates were divided according to length range 
and the distribution showed that neonates included in this study had 
a length range of 39 - 50.5 cm with a mean of 45.85 cm. 

The neonates were grouped according to length range into 
four groups namely a, b, c, d respectively. The mean growth 
hormone values in group a’ were 59.7 ± 15.55 with a range of 35 — 
120.5 ng/ml. In group ‘b’ the mean levels were 51.3 ± 13.46 with a 
range of 25 - 98 ng/ml. In group ‘c’ the mean levels were 40.4 ± 
13.90 with a range of 30.5 - 76 ng/ml. In group ‘d’ the mean values 
were 38.3 ± 12.92 with a range of 21 - 63.5 ng/ml (Table 16). 

On statistical analysis, we observed that there was significant 
difference in growth hormone levels between group 'a’ and ‘c’, group 
‘b’ and ‘d* as well as group ‘a’ and ‘d’. The difference in values was 
not significant between group ‘a’ and ‘b\ group ‘b’ and ‘c’ and also 
between group ‘c’ and ‘d\ 

Head circumference of all the studied cases were measured 
and were grouped according to range of head circumference into 
four groups as follows : group ‘a’ had a mean level of 58.7 ± 15.02 
with a range of 32 - 120.5 ng/ml, group ‘b’ showed mean value of 
50.3 ± 13.10 with a range of 23 - 92 ng/ml., group ‘c’ had mean 
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values of 41 .9 ± 1 3.80 with a range of 32 - 80.5 ng/ml and in group 
‘d’ the mean values were 38.7 ± 12.6 with a range of 21 - 61.5 
ng/ml (Table 18). 

On statistical analysis we found that growth hormone values 
were not significantly different between group ‘a’ and ‘b’ , group ‘b’ 
and ‘c as well as group ‘c 1 and ‘d’. We observed that there was 
significant difference in growth hormone levels between group ‘a’ 
and ‘c\ group ‘b 5 and ‘d ! as well as group ‘a’ and ‘d’ (‘p’ ac < 0.05, ‘p’ ad 
< 0.01, ‘p’bd < 0.05). 

We could not find any other study which relates growth 
hormone levels in cord blood to length and head circumference of 
newborns. 

Kaplan et al (1972), suggested that, by mid gestation, with 
appearance of hypothalamic nuclei and electrical activity of 
diencephalon, secretion of growth hormone releasing factor might 
occur with resultant unrestrained release of growth hormone by fetal 
pituitary. By late gestation, the neural inhibitory influences become 
operative and could lead to decreased growth hormone releasing 
factor and growth hormone secretion. 
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Naguib et al (1987), suggested that growth hormone levels in 
neonates were a reflection of not only gestation age, but also birth 
weight. When term infants were categorized according to birth 
weight, there was an overall effect on growth hormone. On 
comparing term with preterm infants, there was a difference in these 
hormonal values. Growth hormone levels were higher in premature 
neonates and apgar scores in this group were lowest. Although, this 
may reflect the gestational age of the newborn infant, stress cannot 
be excluded from consideration. 

It is evident from our observation on growth hormone levels, 
and from the observations of other workers regarding growth 
hormone values in these groups of neonates, that there was some 
variation of the results in different studies, which may be possibly 
because of different populations studied and individual analytic 
laboratory differences. 
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Summary 



Summary 


The present study entitled “Growth hormone levels in 
newborns in relation to gestational age and anthropometric indices” 
was conducted in the Department of Pediatrics with assistance from 
the Department of Microbiology and Department of Gynaecology, 
M.L.B. Medical College, Jhansi. The study period extended from 
October 2003 to October 2004. 

In our study a total of 40 cases were taken, of which 20 were 
more than 2.5 Kgs and 20 were low birth weight. Both groups were 
divided on the basis of sex. Low birth weight group was divided into 
preterm and small for gestational age neonates. Preterm neonates 
were again divided according to gestational age into neonates with 
30 - 33 weeks and those with 34 - 37 weeks. 

According to gestational age there were 20 full-term normal 
birth weight, 5 preterms with 30 - 33 weeks and 5 with 34 - 37 
weeks. On the basis of sex there were 10 males with weight more 
than 2.5 Kg and 10 males less than 2.5 Kg. Similarly, there were 10 
females with weight more than 2.5 Kg and 10 females less than 2.5 
Kg. 
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Blood sample from umbilical vein was taken just after birth, 
and serum was separated within one hour of collection. Serum was 
subjected to growth hormone measurement by Mono bind ELISA kit. 

❖ In newborns with birth weight more than 2.5 Kg growth hormone 
level was 35.65 ± 13.98 with a range of 12.5 - 64 ng/ml. In the 
low birth weight group the growth hormone level was 56.91 ± 
29.45 ng/ml with a range of 25 - 120.5 ng/ml (p < 0.001). Growth 
hormone level were significantly higher in the low birth weight 
group as compared to neonates with normal birth weight. 

❖ Mean Growth hormone level in fullterm AGA group was 35.65 ± 
13.98 ng/ml with a range of 12.5 - 64 ng/ml. Growth hormone 
level in fullterm SGA cases was 58.4 ± 28.56 ng/ml with a range 
of 25 - 120.5 ng/ml, which on statistical analysis showed, that 
growth hormone levels in fullterm small for gestational age cases 
were significantly higher than fullterm appropriate for gestational 
age cases (‘p’as < 0.05). 

❖ The growth hormone levels among the subgroups of low birth 
weight neonates, i.e. the preterm and SGA cases were 53.5 ± 
24.63 (30.5 - 98) ng/ml and 58.4 ± 28.56 (25 - 120.5) ng/ml. 
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Growth hormone level in preterm cases were not significantly 
different from small for gestational age cases ( p > 0.05). 

❖ The growth hormone levels in fullterm neonates with weight > 2.5 
Kg were 35.65 ± 13.98 with a range of 12.5 - 64 ng/ml. Preterm 
neonates (< 37 weeks) showed growth hormone level of 53.5 ± 
24.63with a range of 30.5 - 98 ng/ml. The growth hormone levels 
in preterm neonates were significantly higher than in full term 
neonates (‘p’ F p < 0.05). 

❖ In our study the mean growth hormone levels in preterm 
neonates with 30 - 33 weeks gestation were 54.25 ± 24.14 (30.5 
- 87) ng/ml. In neonates with 34 - 37 weeks gestation mean 
growth hormone level was 51 .7 ± 25.05 with a range of 31 .5 - 98 
ng/ml. Thus, the mean growth hormone levels between these two 
subgroups are not significantly different. It shows that growth 
hormone values are not significantly affected by gestational age 
range within the preterm group. 

❖ As evident from our study, in neonates with birth weight > 2.5 Kg 
the male cases had mean growth hormone value of 36.0 ± 14.33 

. (range 12.5 - 64) ng/ml. Females on the other hand had mean 
levels of 35.4 ± 13.42 with a range of 13.5 - 61 ng/ml. In cases 
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with weight < 2.5 Kg, male neonates had mean growth hormone 
value of 54.65 ±28.13 with a range of 30.5 - 116.5 ng/ml and 
female cases had mean levels of 59.35 ± 30.2 with a range of 25 

— 120.5 ng/ml. Growth hormone values were not significantly 
different between the two sexes in weight matched neonates. 

❖ Neonates included in this study had a length range of 39 - 50.5 
cm with a mean of 45.85 cm. The neonates were grouped 
according to length range into four groups namely a, b, c, d 
respectively. The mean growth hormone values in group ‘a’ were 
59.7 ± 15.55 with a range of 35 - 120.5 ng/ml. In group 'b’ the 
mean levels were 51.3 ± 13.46 with a range of 25 - 98 ng/ml. In 
group ‘c’ the mean levels were 40.4 ± 13.90 with a range of 30.5 

- 76 ng/ml. In group ‘d’ the mean values were 38.3 ± 12.92 with a 
range of 21 - 63.5 ng/ml. 

We observed that there was significant difference in growth 
hormone levels between group ‘a’ and ‘c\ group ‘b’ and ‘d’ as 
well as group ‘a’ and 'd\ The difference in values was not 
significant between group ‘a’ and ‘b\ group ‘b’ and ‘c’ and also 
between group ‘c’ and ‘d’. 
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❖ While studying the relation of growth hormone levels to head 
circumference of neonates, we categorized the cases according 
to increasing head circumference range into four groups a, b, c, d 
respectively. Group ‘a’ showed mean values of 58.7 ± 15.02 (32 
- 120.5) ng/ml. Group [ b’ had values of 50.3 ± 13.1 (23 - 92) 
ng/ml. Group ‘c’ showed the levels of 41.9 ± 13.8 (32 - 80.5) 
ng/ml and group ‘d’ had mean values of 38.7 ± 12.6 with a range 
of 21 - 61.5 ng/ml. On statistical analysis we observed that the 
difference between group ‘a 1 and ‘b’ as well as between group ‘b’ 
and ‘c’ was not statistically significant, whereas significant 
difference was observed on comparing group ‘a J and ‘d’ (’p’ ad < 
0.01) as well as between group ‘b’ and ‘d’ ( t p’ b d < 0.05). 

❖ We observed that there was a significant difference in growth 
hormone values at the two ends of the spectrum of length and 
head circumference seen in our study. There was an inverse 
relationship between length and head circumference on one hand 
and growth hormone levels on the other. 
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Conclusion 



Conclusions 


From the data presented above the following conclusions may be 

drawn: 

*** Growth hormone values were significantly higher in low birth 
weight group than in fullterm neonates with birth weight above 
2.5 Kg. 

❖ Growth hormone values were significantly higher in preterm 
newborns than fullterm appropriate for gestational age cases. 

❖ Among the low birth weight group there was no statistically 
significant difference in growth hormone levels between fullterm 
small for gestational age and preterm neonates.. 

❖ There was no significant difference in two groups of preterm 
newborns (gestational age 30 - 33 weeks and 34 - 37 weeks). 

❖ There was no statistically significant difference in two sexes in 
both the groups, i.e. low birth weight neonates and those above 
2.5 Kg birth weight. 

♦> There was a significant difference in growth hormone values at 
the two ends of the spectrum of length and head circumference in 
our study. There was an inverse relationship between length and 
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head circumference on one hand and growth hormone levels on 

the other. 

It suggests that, growth hormone levels in neonates were a 
reflection of not only gestational age but also birth weight. 
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Working 

Proforma 



WORKING PROFORMA 

Topic: GROWTH HORMONE LEVELS IN NEWBORNS IN RELATION TO 
GESTATIONAL AGE AND ANTHROPOMETRIC INDICES 


Thesis Guide: Dr. (Mrs.) Sheela Longia (M.D.) 


Case No: 
Name: 

Age: 

Date of Birth: 
S/o /D/o: 
Address: 


Caste: 

Age of mother 
Sex : 

MRD No. : 
MOIC: 


Previous obstetrical History 
G P A L 

History of recurrent abortion or still birth 
Gestational maturity of previous baby 
Birth weight of previous baby 
Congenital malformation in previous baby 
Mode of delivery in previous baby 


Pre pregnancy Health status of mother 

Hypertension 
Cardiac failure 
Bronchial asthma 
Anaemia 
Nutrition 

Weight of mother 
Stature of mother 


Diabetes 

CRF 

Thyrotoxicosis 

Myxedema 

Hyperparathyrodism 



Course of pregnancy 

Booked / Unbooked 
I st Trimester 

Blood group of mother 

H/O maternal rubella, cytomegalovirus infection 
Toxoplasmosis (liver, rash, post cervical lymphadenopathy) 
H/O maternal medication 
VDRL 

HIV, Hepatitis B and TORCH screening 
Antenatal visit 
Radiation exposure 
II nd Trimester 

Dietary intake 
Weight gain 
PIH 

Bleeding PV (placenta previa, abruptio placentae) 

Oligo hydramnios 
Poly hydramnios 
III rd Trimester 

H/O Amnionitis (peripartal fever, Abdominal tenderness) 
Prolonged rupture of membrane 
Unclean and too many vagina! examination 
Labour Prolonged labour 

Spontaneous / Induced 
Fetal distress during labour 
Cephalopelvic disproportion 
Cord around the neck / cord prolapse 
Analgesics and Anaesthetics during labour 
Method of delivery - Vaginal/ LSCS [Elective / Emergency] 

Instrumentation 



Neonatal History 

Date and time of birth 
Place of birth 

Apgar score at 1 min after birth 
Kept in nursery / Roomed in with mother 
Passage of first urine and stool 
Examination 

Gestational age 
LMP 


New Ballard Scoring 
LGA / SGA / AGA 
General appearance 

Color Cry 

Activity [ Alert / Lethargic / Jittriness ] 


Skull [ caput / Cephalhematoma 

Hair color 

Face [ Eye 

Neck 

Abdomen 

Anthropometric examination 

Head circumference 
Systemic examination 
Cardio vascular system 
Heart rate 

Respiratory system 

Chest B/L - Clear / sign 
Abdominal examination 
Liver size 

Kidney - palpable / not palpable 


Fontanelle ] 

Hair line 

Nose Ear ] 

Chest 

Limbs 

Length 

Chest circumference 

Murmurs 

Regular / periodic / apnic attacks 

Spleen - palpable / not palpable 
Any congenital anomaly 



